Gold-mining activities have been responsible for discharges of mercury into the environment as a consequence of using the mercury amalgamation method, where the gold obtained from river sediments, soils, or groundwater rocks is separated from elemental mercury (Hg°) by open circuit heating. In Brazil, for example, it is estimated that more than 130 tons of mercury are used per year, on the basis of 1.4 kg Hg for 1 kg of gold (1, 2) . More than 6 million people participated in gold prospecting in the Amazon region alone during the gold rush at the end of the 1880s (1) . This volatile form of mercury is discharged into the atmosphere (55%) and aquatic biotopes (45%) (1) . Within the biogeochemical cycle of the metal, Hg°can be oxidized in inorganic mercury (HgII) and then methylated by biotic (bacterial methylation) and/or abiotic (humic acids as methyl group donors for example) processes (3) .
Studies in the Amazon Basin have shown numerous examples of contamination of hydrosystems by mercury. Concentrations measured in aquatic organisms were different according to their position within the food webs: predatory species, particularly the piscivorous species, have the highest levels of contamination due to the biomagnification of the methylated form of the metal. In a survey conducted between 1987 and 1990, approximately one-third of the carnivorous fish caught downstream from the Madeira River gold-mining area had mercury levels > 0.5 µg/g fresh weight (fw), which is the safety limit (4) .
Riverside populations of the Amazon tend to present high Hg levels in hair because fish is their main protein source. For example, the average of hair Hg in family members of fishermen from the Duas Bocas Lake shores (Amapa State, Brazil), directly influenced by Hg releases from gold mining, was 28 µg/g. The World Health Organization (WHO) suggests a 10 µg/g safety limit, above which adverse effects on brain development are likely to occur (5) . At such levels of Hg impregnation, health effects are measurable, with reduced peripheral visual field profiles, reduced color discrimination capacities, and reduced performance in psychomotor and neuropsychologic tests (6) (7) (8) (9) .
In French Guiana, available data are currently limited. Since the end of the last century, gold mining has been carried out at numerous sites and still continues to be practiced by international mining companies and smaller groups on terrestrial sites or directly in the rivers. Official gold production during 1857-1992 was about 200 tons, but accurate data are sparse, and a large amount of illegal production occurred (10) . A study of Hg impregnation of the whole Guianan population was conducted in 1994, with the analysis of the metal in hair samples (11) . Results did not show high levels of Hg, except for in the native Amerindian communities, particularly in the Wayanas living in the upper reaches of the Maroni River. This contamination probably reflects past and current gold-mining activities in this area, linked to the diet of these populations, of which fish is a main component. This population's health is a major concern for France because the Wayana is an ethnic group that may be vulnerable due to their particular way of life, such as Cree in Quebec or people from the Feroe Islands.
This possible health risk led the French National Institute of Public Health Surveillance (InVS/ex-RNSP), in collaboration with the National Scientific Research Center and the health authorities, to launch several studies including a dietary study. The study is part of a vast program initiated in Guiana to analyze the biogeochemical cycle Address correspondence to A. Boudou In 1994, the French National Public Health Network reported significant mercury exposure of native Amerindians in French Guiana. In 1997, a study was conducted in the Wayana community to quantify the dietary intake and to identify the fish species contributing the most to the contamination. The study was completed by an impregnation analysis based on Hg determination in hair samples. The methodology used was a detailed familial dietary study associated with Hg measurements in fish and some game. The study was conducted over 7 days in two different seasons in the four most populated Wayana villages on the upper part of the Maroni River (521 people; 70% of the Wayana population in French Guiana). Analysis was based on data on consumption obtained from 165 people in a 1-14 day period (i.e., 940 persons × days) and involved 270 fish samples from 48 species. Total Hg and monomethylmercury (MMHg) were also determined in hair samples (235 samples for total Hg). The results confirm mercury exposure of the Wayana population related to a diet rich in fish, which are relatively highly contaminated for certain species (up to 1.62 mg/kg fresh weight or 8.1 mg/kg dry weight in skeletal muscle). Results from hair samples showed that 57% of the Amerindians had Hg levels above the World Health Organization (WHO) safety limit (10 µg/g); all those over 1 year of age had a Hg intake greater than the WHO safety limit (200 µg MMHg/week for a 60-kg male). Hg concentrations in fish muscle were closely linked to the feeding regime and position of fish in the food webs. Overall, 14.5% of the fish collected exceeded the 0.5 mg/kg (fresh weight) safety limit. Four carnivorous species accounted for no less than 72% of the metal ingested by the Wayana families, although these represented only 28% of the consumed fish biomass. In conclusion, this study revealed excessive exposure to mercury in the Wayana population in French Guiana related to the consumption of contaminated fish. of mercury and to estimate the sanitary and environmental impact of the metal. In this paper, we present the study conducted in the native Wayana community, which has the principal goal of quantifying the dietary Hg intake and identifying the species of fish contributing the most to the human contamination. To do this, we conducted an impregnation study, based on Hg and MMHg determination in hair samples. Methodologic basis for the dietary survey and calculation of mercury intake. In August 1996, information meetings were organized in the four villages with the Wayana chiefs, health agents, and teachers concerning the future studies on the mercury problem, and a study of feasibility was performed within the population. To set up the nutritional study, information meetings were organized with the inhabitants, with simultaneous translation into Wayana, as well as in schools with the teachers. Although the Wayana language is spoken by everyone, French is mainly spoken only by the youngest people (generally under 30 years of age). For the last 20-25 years, primary education has been conducted in schools within the villages. It was therefore possible to identify in most households at least one person who was able to speak French, willing to participate, and willing to be our correspondent within the household.
Methods

Characteristics of the
The study was conducted over 7 days during two different seasons (March and November 1997; high and low waters, respectively), which are distinguished by changes in the diet, particularly fish and game. We selected 23 households according to geographic and feasibility criteria as well as the households' willingness to participate (so they were not randomly included): 10 in Twenke, 3 in Taluhen, 5 in Cayode, and 5 in Antecume Pata. Except for the problem of language comprehension, the main logistic difficulties were the frequent absence of the inhabitants and the scattering of families within the village. We selected households according to the diversity in the number of household members and their ages. Consumption data for these households, corresponding to 165 subjects studied over a period of 1-14 days (variations due to logistic difficulties cited above), allowed us to obtain 940 daily intakes (i.e., person × day).
Each day the following was recorded in the studied households: a) fish consumed, including name of the species, number, size, total weight, and weight after evisceration, without bones; and b) the distribution of the household members participating in the meals (by sex, age, and weight). The record of fish consumed, which is approximately 250 kg of fish for the whole study, allowed us to calculate the amount of Hg ingested by the households each day because we calculated the mean Hg concentration according to the fish species and their weight category from the ecotoxicologic study (see below).
Each day the amount of fish consumed by each person within each household was calculated using the standard portions. The standard portion (SP) was the average of the daily amount of fish consumed by category of age (eight classes) and sex. SPs were calculated from a smaller number of persons selected according to their age and sex in different villages, but mainly in Twenke for logistic reasons. SPs corresponded to 227 daily intakes obtained by weighing each food consumed by an individual of each particular sex and age category. The proportion of fish consumed each day by an individual belonging to a given sex and age category was obtained after dividing the corresponding standard portion by the sum of the standard portion corresponding to each member of the household on that day.
where h is household, s is sex, and a is age. Each day, the individual consumption of mercury within a household was obtained by its proportion of consumption multiplied by the amount of Hg ingested by the family that day:
Hg intake = Proportion of fish consumed × Amount of Hg ingested by the household
The average daily intake for an age group was obtained by adding the different intakes of that group obtained along the study because we wanted to obtain a global intake, independent of the season. However, we checked that the number of records was about the same at the two periods and corresponded to about the same percentage of children and adults. In parallel with the nutritional survey, morphometric profiles (weight, size) were taken for the study subjects of the four villages, and precise ages were obtained from health notebooks. The amount of Hg consumed per kilogram of body weight (µg Hg/kg × day) was calculated for each daily consumption, then the average was presented by age group. This calculation from the weight of each individual gives a more accurate result than from the average weight in this age group.
The dietary intake of mercury was quantified from the amount of fish consumed. The days when meat was eaten were entered as 0 ng Hg/day for different reasons: a) the game species consumed during the two periods were not representative of all the species consumed during the year; b) it was not easy to estimate the weight of game that was already shared between different villages or households; and c) to avoid overestimating the mercury intake related to a diet exclusively based on fish (generally, Hg fish concentration >> Hg game concentration). Thus, 65.5% of the persons × days only included fish, 24.5% were mixed days (fish and meat), and 10% were exclusively based on meat. Nevertheless, a small number of game samples were also collected (doe, peccary, tapir, monkey, armadillo), and total Hg was analyzed in different organs, in particular the skeletal muscle and liver.
Other methods of estimation (generally grosser) could not be used in this context; this is the case of the 24-hr memory method, which involves the difficulty of remembering or mistaking the amount consumed during the day, or the global method on the scale of the entire village, which consists of measuring all food entering the village (hunting, fishing). This method would have required a larger number of investigators because the location of the villages on islands allows multiple arrivals. In addition, the use of the "double portion" due to nonexcessive food intake could not be considered.
Hair sampling and mercury determination. Mercury in hair is a good indicator of Hg blood levels, particularly when an individual is exposed to organic mercury of dietary origin. In humans, monomethyl mercury (MMHg) is distributed between blood and hair in a ratio of 1:250 (5).
Hair was collected from 235 persons, in the occipital region where hair growth is constant. It was sampled at the root with scissors, leaving a maximum of 6 cm (due to exogenous contamination); the weight of the final sample should be a minimum of 30 mg. Samples were stored in envelopes. Total Hg determinations were carried out by the Center of Toxicology of Quebec (Quebec, Canada), a reference laboratory for this type of analysis. Hair samples were not washed before analysis because this practice has been shown to be inefficient; Hg is so tightly bound to the hair that it is impossible to remove the metal without damaging the hair. Samples (20 mg) were digested for 48 hr in nitric acid at room temperature. An aliquot was then introduced into an alkaline reducing solution (SnCl 2 + CdCl 2 ). Mercury was determined by cold vapor atomic absorption spectrometry. Reliability of the results was monitored through Health Canada's interlaboratory comparison program for the determination of Hg in human hair.
Fishing techniques, collection of fish samples, and mercury determination. Together with the collection of a limited number of fish samples during the food enquiries, we organized fishing expeditions in close collaboration with native residents of the four villages in order to use their fishing techniques [nets, harpoons, nivrées (rotenone poisoning), and fish lines] and to obtain representative samples of the fish species consumed. All the fish caught were used for Hg analysis: small fish (< 15 g, fw) were entirely preserved; larger fish were dissected on site to collect samples from different organs (dorsolateral skeletal muscle, liver, gill arches, kidneys, stomach, intestine, brain, and gonads) for more complete ecotoxicologic studies on Hg uptake routes and organotropism according to the trophic status. We measured standard length and weight of each fish. Due to severe climatic conditions and the absence of a continuous electricity supply in the villages, we used a freezer powered by a generator, which provided satisfactory storage for the biological samples. The temperature for shipping the samples from Cayenne to France was ensured by using dry ice, with final storage in the laboratory at -20°C. For total Hg determination, biological samples (< 0.5 g, fw) were first digested by pure nitric acid (3 mL) in a pressurized medium (borosilicate glass tubes) at 95°C for 3 hr. Digestates were then diluted up to 20 mL with ultra-pure water. After mixing, subsamples were used for Hg determination with a SETAC M6000 spectrometer (Varian, Victoria, Australia); this flameless atomic absorption spectrometer was optimized for Hg dosage. An intercalibration exercise was carried out with the CNEVA (Centre National d'Etudes Vétérinaires et Alimentaires, Paris, France) on eight samples of fish muscle. Results showed good levels of agreement between the two laboratories (R = 0.98; data not shown).
We selected a limited number of fish muscle samples for MMHg determination, using Bloom's procedure (12) and incorporating several improvements by using a dual circuit on a semi-automatic system: MMHg was determined by cold vapor atomic fluorescence spectrometry (Brooks Rand Ltd., Seattle, WA, USA), after KOH/methanol digestion at 70°C followed by aqueous phase ethylation (NaBEt 4 ), isothermally controlled gas chromatography at 95°C and 800°C electrothermal atomization. Detection limits for total Hg and MMHg were based on three standard deviations from blank measurement: detection limits for biota on a dryweight basis were 1.4 and 0.5 ng/g, respectively. All biota concentrations are reported on a dry-weight basis (60°C over 2 days). The average dry:fresh weight ratio for fish muscle samples was 0.20 ± 0.01.
Data treatment. The data collected were treated using descriptive and analytical statistics. The collection and analysis of the data were conducted with Epi-Info (Centers for Disease Control and Prevention, Atlanta, GA, USA), Excel (Microsoft, Redmond, WA, USA), and SAS (SAS Institute, Cary, NC, USA) software. The hair Hg distribution corresponds to the concentrations obtained from all the people in March (n = 235). A study of seasonal variations was conducted on a subset of 87 persons in March and November for measurement of total Hg. The fish data were analyzed by multifactorial correspondence analysis with three variables: Hg total concentration in the muscle, fish species, and trophic level of the species (herbivorous, detritivorous, omnivorous, fructicarnivorous, carnivorous) for each individual fish collected. This multivariate analysis was followed by Ward's hierarchical clustering using factorial coordinates. These data treatments were carried out using the SPAD 3.5 software (13). We performed a two-way analysis of variance (ANOVA) to reveal the effects of the two variables, food regime and fish species, on Hg concentrations in the muscle. Based on a one-way ANOVA (site factor), a comparative analysis of Hg concentrations among the three sites (Antecume Pata, Twenke/Taluhen, and Cayode) was carried out for the species Pseudoancistrus barbatus (Statistica, version 5; StatSoft, Maisons-Alfort, France), on length-adjusted Hg concentrations.
Results and Discussion
Population exposure to mercury. The distribution of total Hg concentrations in the 235 hair samples analyzed is presented in Figure  2 . The average concentration was 11.4 ± 4.2 µg/g (mean ± SD). This value corresponds to high exposure; 57.4 % of the subjects had Hg levels above the safety limit determined by WHO (10 µg/g), with a maximal value of 27.2 µg/g. These results confirm the data obtained in 1994 on a more limited number of samples in the same Amerindian villages (11) . In 1994, the average hair mercury concentration was approximately 3 µg/g in the entire native Guianese population and 1.7 µg/g among French people from the European continent living in French Guiana.
Different factors influenced the hair mercury concentrations: age, hair length, body fat, and place of residence, but not sex (data not shown). The median concentrations were the same across the different age groups, except for children under 1 year of age, who had lower Hg levels. Nevertheless, the distribution of Hg among the Wayana children under 1 year of age was well beyond that of the non-Amerindian inhabitants of Guiana; almost all Amerindian children this age had Hg levels 5 µg/g. Mercury concentrations in hair were weakly but significantly correlated with the body mass index (r = 0.18, p < 0.01). The concentrations were also weakly correlated with the length of the hair sample (r = 0.13, p < 0.05). Results show a good correlation between Hg concentrations in the two seasons (r = 0.68, p < 0.001). The difference in mercury was not statistically significant, although, on average, the concentrations were approximately 7% higher in November than in March. Differences were also observed between the study sites. In people living in Cayode, located on the Tampok River, Hg concentrations were slightly higher than in the people living farther upstream along the Maroni River (12 ± 3.5 µg/g at Cayode, 11.1 ± 4.2 µg/g at Twenke/Taluhen, and 11.2 µg/g at Antecume Pata). The average Hg concentrations for Cayode remain statistically higher than the others, even after taking into consideration age, hair length, and body fat (p < 0.05). We note that recent gold-mining activities are mostly on the Tampok River and its terrestrial basin.
Significant Hg levels have been found in populations living in regions not exposed to human polluting activities, but who eat large amount of fish. In Papua-New Guinea, Hg levels in the hair around 4.2 µg/g were reported in villagers on the coast, whereas those living 25 km inland had values around 1 µg/g (14) . Feng (15) reported an average concentration of 4.6 µg/g in the inhabitants of Tokushima, Japan, on the coast.
Several studies have shown that Hg levels in hair are higher in residents of areas contaminated by mercury than in residents of uncontaminated regions. Our results are in agreement with data from the Amazon Basin in Brazil. Hair mercury concentrations from four riverside communities in the southeastern part of the Amazon (Rio Tapajos and Rio Amazonas) had overall geometric means of 11.0 mg/g and 11.6 mg/g for children aged 7-12 years (n = 351) and their mothers (n = 135), respectively (9). Lebel et al. (6), Guimaraes et al. (16) , and Lacerda and Salomons (1) revealed similar concentrations but with wide variations depending on the site, proximity to gold-mining zones, and population characteristics, particularly the relative importance of fish in the diet. For example, inhabitants in isolated communities, on the lakes of the Amapa coastal plain in the Amazon, have average concentrations of Hg in hair ranging from 6.8 µg/g (gold-mining village with diversified diet) to 35 µg/g (Duas Bocas Lake residents) (16) . It is interesting that the limnologic criteria were similar in the diverse areas, but the origin and importance of their Hg sources were different.
Analysis of Hg chemical forms in hair samples from 27 individuals living in the four Amerindian villages shows that 8.5% of the metal burdens are in the inorganic form. Mercury in human hair samples was predominantly in the form of MMHg, even near gold-mining areas (1, 17) . This high percentage of the methylated form must be linked to the exposure conditions of individuals, based mainly on the ingestion of fish muscle, as this tissue is characterized as having a high percentage of MMHg, close to 95%, especially in carnivorous species (18, 19) .
Contamination levels in fish. During the two study periods, 270 individual fish from 48 species were collected (Table 1) . Total Hg concentrations measured in the muscle samples showed marked differences between species, according to their feeding regime and their position in trophic networks. Herbivorous species, such as Acnodon oligacanthus and Myleus rubripinnis, were characterized by low average Hg concentrations of 49 and 65 ng/g [dry weight (dw)], respectively. Conversely, piscivorous species, such as Pseudoplatystoma fasciatum and Hoplias aimara, had average contamination levels in the muscle of 4,700 and 2,910 ng/g (dw), respectively. Overall, 14.5% of the fish analyzed exceeded the safety limit applied in the United States, Canada, and Brazil of 500 ng/g (fw) or 2,500 ng/g (dw).
The multifactorial correspondence analysis highlights an obvious separation of the five feeding regimes considered (herbivorous, detritivorous, fructicarnivorous, omnivorous, and carnivorous). These are associated with different levels of Hg in muscle (Figure 3) . The two-way ANOVA confirmed a significant effect of the two variables "food regime" and "fish species" on the Hg concentrations in the dorsal muscle (p < 0.001). The hierarchical clustering allows the definition of five classes: Hair mercury concentration (µg/g) Figure 2 . Distribution of mercury concentrations in hair among the Wayana population (235 samples).
• Class 1: Ninety-four percent of the carnivorous fishes belong to this class, and 98% of individual fish from this class are carnivorous. Eighty-six percent of individual fish from this class have Hg concentrations in muscle between 1,425 and 8,736 ng/g (dw). In addition, all specimens from five species are included in that class: Hoplias aimara (n = 21), Cynodon meionactis cf. gibbus (n = 16), Serrasalmus humeralis (n = 10), Ageneiosus brevifilis (n = 8), and Potamotrygon hystrix (n = 6).
• Class 2: Two species, Myleus rhomboïdalis (n = 7) and Serrasalmus striolata (n = 6), belong to this class. They have a fructicarnivorous feeding regime. Myleus rubripinnis (n = 19) and Acnodon oligacanthus (n = 10). Despite the clear pattern shown by this analysis, the difficulty in identifying the feeding regime of fish must be taken into account. Basic knowledge of fish communities in French Guiana is relatively poor, and feeding regimes can change with numerous factors such as age and developmental stage, hydrologic conditions, and habitat characteristics.
To estimate the Hg intake, the average concentration measured in the muscle samples was retained for all nonpiscivorous species. For Hoplias aimara, two weight classes were defined, < 1,700 g (fw) and ≥ 1,700 (fw), with an average Hg concentration of 1,960 and 3,960 ng/g (dw), respectively. For the majority of species collected, contamination levels in fish muscle were correlated to a limited extent to fish weight, even when the weight ranges were generally great (Figure 4) . For carnivorous species such as Hoplias aimara or Cynodon meionactis, a positive correlation was observed, but the weight impact is clearly less marked than in results obtained with predatory fish collected in numerous hydrosystems in the Northern Hemisphere (United States, Canada, Sweden) (20) (21) (22) . On the other hand, our data are in agreement with the results from fish collected from several gold-mining sites in the Amazon Basin (16, 23, 24) . It must be emphasized that age determination in tropical fish is difficult, even impossible, using traditional techniques based on scales or otolites, because of minor variations between seasons. The relation between fish weight and length was well defined for the different species collected, with no significant distinction between fish populations from the four sampling sites in the Haut-Maroni area (Figure 4) . The comparison of the length-adjusted Hg concentrations in the fish species Pseudoancistrus barbatus among the three sites, based on a one-way ANOVA, confirmed the highest contamination at the Cayode site that was previously observed for hair mercury concentrations [Cayode (163 ng/g, dw) > Antecume Pata (132 ng/g, dw) > Twenke/Taluhen (109 ng/g, dw); p < 0.05].
Monomethyl mercury determination on a limited number of muscle samples from carnivorous species showed that 98 ± 5% of the metal accumulated in this tissue was in the methylated form. This result is in agreement with the data published by Akagi et al. (25) on fish samples from the Madeira River in Brazil (MMHg, 98%).
It is difficult to make a comparative analysis of fish contamination levels from the data published on the Amazon Basin, which actually contains more than 1,300 freshwater species. Moreover, fish species in Brazil do not exist in French Guiana and vice versa. Nevertheless, from the review published by Lacerda and Salomons (1), Hg concentrations measured in the Haut-Maroni area are similar to the majority of Amazon data in gold-mining areas, except for the Madeira and Tapajos rivers, where maximum Hg concentrations of 15,000 µg/g (fw) were reported.
Mercury determinations made on a limited number of game samples (12 in all) show that contamination levels of muscle tissue are lower than those observed in aquatic species. For the majority of terrestrial species (doe, monkey, peccary, and tapir), concentrations are lower than 50 ng/g (dw). Only two armadillos showed concentrations close to 700 ng/g (dw). According to Lacerda and Salomons (1), Hg concentrations in terrestrial vegetation are low, with exceptions occurring in the vegetation growing on railings due to the selection of metal-tolerant forms. Thus, contamination levels in terrestrial food webs are much lower than those observed in the aquatic environment, but more data are needed for a better comprehension of the fate of Hg in terrestrial systems. However, piscivorous terrestrial species, such as caimans or certain bird species (kingfishers), can show high levels of contamination (26) . These species are either not eaten by the Wayanas or are at present rare in the areas near the HautMaroni villages. Moreover, this dietary study has shown the marked predominance of fish consumption in the diet, compared to game: in Wayana families, only 10% of the person × days data are based on meals composed exclusively of meat.
Estimate of dietary intake of mercury via fish. According to the International Programme on Chemical Safety (5) Total weight (g, fw)
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B C daily intake of MMHg by humans, regardless of the source, is approximately 2.4 µg, and the intake of total mercury is 6.7 µg (higher when dental amalgam is present). The Wayana population is well beyond these values: adults consume 40-60 µg total Hg per day, and the elderly ingest approximately 30 µg (Table 2 ; Hg intake per day and per week). As for children, the youngest ingest approximately 3 µg/day, taking into account nursing; those from 1 to 3 years, approximately 6 µg/day; those from 3 to 6 years of age, approximately 15 µg/day; and those from 7 to 15 years of age, between 28 and 40 µg/day. Moreover, these results are underestimates because they do not take into consideration the Hg intake from game. Mercury intake was estimated from the fish Hg content and the average daily consumption of fish for the different ages (Table 3 ). In periods of abundance, the amount of fish consumed could be very high [more than 600 g/day (fw) in some adult males], whereas in times of scarcity these amounts could be relatively low, and more cassava seemed to be eaten to provide sufficient caloric intake. Average daily consumption was highest in men between 15 and 45 years of age (around 340 g/day, fw). The Wayanas are a perfect example of a "fishing civilization," like Brazilian populations living in isolated villages on river banks or lake shores in the Amazon Basin: recent investigations on family members of fishermen from Duas Bocas Lake shore (State of Amapa, Brazil) show that most subjects reported taking 14 fish meals per week (16) . Similar diets have been described among the Cree Indians in Northern Quebec, resulting in high levels of Hg impregnation due to the consumption of fish caught around hydroelectric reservoirs (27) . The Food Agricultural Organization/ WHO Expert Committee on Food Additives recommends that the weekly intake not exceed 300 µg total Hg, with a maximum of 200 µg MMHg, which represents 3.3 µg/kg for a 60-kg male (5) . Approximately 95% of MMHg is absorbed through the intestinal barrier (28) ; the biological half-life of organic Hg in humans is estimated at between 70 and 80 days (29) . Dietary intake of Hg in the Wayana population is above this safety limit. The Hg intake data are significantly correlated with the corresponding Hg hair data (r = 0.36, p < 0.01, data not shown). The value of 200 µg/L blood (or 50 µg/g hair) was associated with a low risk (5%) of severe neurologic disorders in the adult. Nevertheless, fetuses and young children can present neurologic disorders at exposure levels at which adults are not affected. WHO recommends instituting epidemiologic studies in chidren exposed in utero to levels of MMHg in maternal hair of the order of 10-20 µg/g to establish the effects on health by means of psychomotor and behavioral tests.
We found that four carnivorous species corresponding to 28% of the dietary intake of fish contribute to 72% of the amount of Hg consumed. These species are Pseudoplatystoma fasciatum (27% of the Hg dietary intake), Hoplias aimara (27%), Ageneiosus brevifilis (11%), and Serrassalmus rhombeus (6.5%). Cynodon meionactis, which along with P. fasciatum has the highest Hg concentrations, was hardly eaten at all (especially by children) because these fish contain a large number of bones. These data are extremely important for the implementation of recommendations for reducing Hg intake via the ingestion of fish. The two species that are consumed in the greatest amounts, Myleus rhomboidalis/tometes (12.7%) and Doras micropeus (11.2%), are not contaminated to a very high degree (100 and 1,160 µg/g, dw, respectively).
In parallel with our dietary study, each child from the four villages was given a neurologic examination and neurobehavioral development tests (30) . Results revealed significant links between impregnation levels in the children and the presence of some neurologic and behavioral deficits. Gold-mining activities seem to play a role in the contamination of this population, although they are not easily identified because it is difficult to estimate the contribution of past and recent gold mining. Nevertheless, our results showed that hair and fish Hg levels were significantly higher in Cayode, the isolated village where gold mining now occurs, than in other villages. In addition, the results from a study on Hg exposure of the French Guiana population conducted in 1994 (11) showed that Amerindians from Camopi on the Oyapok River (border of Brazil) who live in an area without gold mining and eat as much fish as the Wayanas from the Upper Maroni region had hair Hg levels two times lower than the Wayana population. Nevertheless, the role of natural Hg in this contamination is still under discussion, especially the metal accumulated in soils and transferred to the aquatic systems via natural and anthropogenic erosion (2) .
Conclusion
This study showed the Wayana population from French Guiana to have high exposure to mercury at levels exceeding WHO recommendations. Levels of mercury, evaluated through measurements in hair and food, are related to high consumption of fish, especially carnivorous species that have high concentrations of mercury. These results are of the same order of magnitude of those found in similar situations for countries such as Brazil, where gold mining is particularly developed. At the present time, a close collaboration between local populations, public health authorities, and scientists should allow the development of concrete recommendations as well as the adoption of measures, in order to solve this problem without causing human and environmental perturbations, in parallel with a health monitoring system to evaluate the effectiveness of recommended preventive actions.
